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SUMMARY

The ratios of Llift and axial thrust to undeflected thrust of nozzle-
deflection-plate configurations using the Coanda effect for obtaining jJet
deflection and 1ift were evaluated from force measurements. Pressure
distributions were also obtained over the surfaces of the deflection
plates. The convergent nozzles used in the study were of rectangular
cross section with exit heights ranging from 0.5 to 2.0 inches. The Jet-
deflection plates used included configurations made up of two, three,
six, and nine flat plates and several curved plates with various radii
of curvature, all having side plates equal in height to the nozzle. The
nozzles discharged into quiescent sir over a range of pressure ratios
from 1.5 to 3.0.

In general, the ratio of 1ift to undeflected thrust of the Coanda
nozzles studied was less, depending on the particular configurstion,
than that theoretically calculated for multiple-flat-plate and curved-
plate flaps immersed in an alrstream. By use of a configurabtion made up
of nine flat plates and for a 90° angular deflection of the Jet streamn,
a maximum ratio of 1ift to undeflected thrust near 0.88 was obtained
together with zero axial thrust. For a similar Jjet-deflection angle,
the best curved-plate configuration studied achieved a ratio of 1ift +to
undeflected thrust of sgbout 0.81. The decrease in the measured ratio
of 1ift to undeflected thrust from that calculated theoretically for a
perfect curved plete is attributed to the following factors: (1) pres-
sure and momentum losses in the real jet stream that are not accounted
for in theory, (2) the inability of the jet stream to turn the full de-
flection angle prescribed by the deflection plete, and (3) the fact that
optimum designs for the miltiple-flst-plate and especially for the
curved-plate configurations were .not necessarily aschieved in the time
avallable for these exploratory studies.
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INTRODUCTION

The Coanda effect may be described as the phenomenon by which the
proximity of a surface to a Jet stream will cause the jet to attach it-
self to and follow the surface contour (ref. 1). The local pressures on
the deflecting surface are less than ambient air pressure; consequently,
wherl the deflecting surface 1s inclined toward the ground, these negative
pressures result in a 1ift component. A drag component constituting a
thrust reduction in the axisl-thrust direction is also obtained.

The use of the Coanda effect for obtaining jet-stream deflection
and vertical lift from a single-flat-plate deflector is described in
reference 2. The data presented in reference 2 show that ratios of 1lift
to undeflected thrust and axial thrust to undeflected thrust comparsble
to those obtained theoretically with a flat-plate type of mechanical
deflector can be achieved. However, the deflection angles for which
theoretical values of ratio of 1lift to undeflected thrust can be obtained

with a single-flat-plate deflector are limited by conziderations of nozzle

helght and deflectlon-plate length.

The negative pressures on a flat plate decrease with progressively
increasing distance along the deflection plate; however, with each angle
increase of the surface relative to the Jet stream, an increase in the
negatlve pressures is again obtained on the deflection surface (ref. 1).
Because of this phenomenon, the use of multiple flat plates or a curved
surface provides deflectlon angles and ratios of 1ift to undeflected
?hrust ?uch greater than those with single-flat-plate configurations

ref. 3).

The exploratory study reported herein, conducted at the NACA Lewis
laboratory, 1ls concerned with the flow aend performence characteristics
assoclated with multiple-flat-plate and curved-plate jet-deflecting sur-
faces. Experimental ratios of 1ift to undeflected thrust were obtained
for configurations yielding jet-stream deflection angles up to about 90°
and ratios of axial thrust to undeflected thrust near zero. Data were
alsc obtained on the effect of the relative angle between adjacent flat
deflection plates on the ratio of 1ift to undeflected thrust and loecal
surface pressure distributions over the plates. As in reference 2,
rectangular nozzles of simple convergent design rather than conventional
circular nozzles were used. The studies were conducted with a small-_
scale setup (equivalent nozzle-exit diameter less than 2.75 in.) using
unheated alr and operating at pressure ratios across the nozzle (ratio
of ebsolute jet total pressure to ambient pressure) from 1.5 to 3.0.

All deta were obtalned by discharging the jet into still air at approxi-
mately sea-level atmospheric conditions.

The estimated performance of multiple-flat-plate deflectors is dis-
cussed in appendix B by Thomas F. Gelder.

LO8Y
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APPARATUS
Test Facllity

The test stand used to support the nozzle configurations and to
obtain thrust and 1ift measurements is shown schematically in figure 1.
The test stand consisted of a plenum section (inside diam., 3 in.;
length, 16.5 in.) mounted horizontally on & link-supported force-measuring
system. Unheated air at approximstely 500 I was supplied to the plenum
by 2.5-inch-ingide-diameter itwin supply lines (fig. 2). These lines
were placed diametrically opposite one another and at right angles to
the plenum in order to eliminate possible side and thrust forces caused
by the entering air. The lines were also isolated from the force-
measuring system by flexible couplings at each end of the supply lines.
The nozzles were bolted to a flange at the downstream end of the plenum
gsection. A single total-pressure probe mounted just lnside the nozzle-
exit plane was used to measure the total pressure of the Jet stream.

The net thrust obtained with the nozzle configurations was measured
by strain gages mounted near the upstresm end of the plenum section (fig.
1). The strain gages on the vertical support link under the nozzle flange
were used to measure gross values of vertical or 1ift forces. The force
measurements obtailned with these straln gages were recorded on a modified
flight recorder.

Coanda Nozzles

A Coanda nozzle consisted of a convergent rectangular nozzle exit,
jet-stream deflection plate, and side plates. The nozzles were of a
simple convergent design, with no effort being made to achieve an optimum
exhaust-nozzle thrust coefficient. The nozzles were formed by flattening
progressively a 2.9-~inch-diameter tube to a rectangular exit cross section
with & desired nozzle height. The exit corners had radii of the order
of 0.03 inch. Vertical and horizontal cross sectlons at the centerline
of the nozzles, together with pertinent dimensions, are presented in
Tigure 3.

The jet-stream deflection surfaces consisted of (1) combinations of
two, three, six, and nine flat plates, and (2) several curved-plate
deflectors.

Mult;gle-flat—plate-deflection surfaces. - For the two- and three-
flat-plate configurations, the plates were attached to the nozzle by
means of a plano hinge, and each succeeding plate was simllarly attached
to its adjacent plate (fig. 4), Individual telescopilng tubes supported
the downstream end of each plate. These supporting tubes were attached
to & bracket, which in turn was secured to the nozzle flange. The
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deflection engle of each plate was varled independently of the other
plates in the configuration. The following schematic sketch shows the
general arrangement for the two- and three-flat-plate configurations and
identifies the pertinent components:

Nozzle exit

- - — Nozzle
centerline

The total deflection-plate angle is
Oy =61 + 65 + Oz

and the_total deflection-plate length is
g =11 + 12 + 13

(A1l symbols are defined in appendix A.)

The deflection plate for six- and nine-flat-plate configuratilons
consisted of a single piece of sheet metal bent at the approprilate down-
stream locations to yleld the desired local deflection-plate length and
angle. The Juncture between the varlous plates consequently consisted of
a curved radius section rather than the sharp-edged gap formed at the
hinge line for the two- and three-flat-plate configurations. The six-
and nine-flat-plate deflectors were attached to the nozzle by means of a
piano hinge. A single telescoplng tube supported the downstream end of

the deflection plate in the same manner as in the previous configurations.

For the nine-flat-plate configuration, the initisl deflection-plate angle
8, could be varied 4109, thereby yielding some off-design performance

data.

LOB%
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Pertinent dimensions for all the multiple-flat-plate configurations
studied are as follows:

Config- (Nozzle Length of plate, |Deflection angle

uration, |(height, in. between adjacent
number of| h, Plates,
plates in. | 2 i3 8,
deg
2 1.1 2.0}5.2 -——- Variable
2.012.75 ———
3 1.1 2.0|2.75 4.88 Variable
0.5 and
2.0 2.512.75 4.88
6 2.0 1-1 to 16, 2.0 each 12.5
9 0.5 17 to ig, 0.6 each|10.0; 6, varia-
ble X100

As in reference 2, side plates were attached to the deflection plates
in order to delay Jet-stream detachment from the plates. For the data
presented herein, the side plates were equal in height to the nozzle
height and were sealed to the Jjet-deflection plate to prevent air leakage.
Limited data, not included herein, were obtained with side plates equal
to twice the nozzle height and showed no difference from that obtained
wilth side plates equal to the nozzle height. Pressure taps were located
along the centerline of each Jjet-deflection plate for the two-, three-,
and six-plate configurations. For the nine-flat-plate configuration,
pressure taps were located on the odd-numbered plates.

Curved plates. - The curved-plate setup consisted of a box frame that
was attached to the nozzle flange and supported a number of l/8-inch alu-
minum plates stacked in the box at & 45° angle to the nozzle centerline
(fig. 5). A template and Jig were used to adjust these plates (which
could be slid relative to each other) to the desired curved-plate profile.
The deflection plate consisted of a sheet of spring brass (0.010 in. thick)
sufficiently wlde to adequately span the nozzle-exli width. In order to
obtain surface pressure measurements, a plastic belt 1/16 ineh thick and
eabout 1 inch wide was cemented to the brass deflection plate at the center-
line. To each slde of this pressure beli, sheet rubber of thickness equal
to the belt was cemented to the brass plate to provide a smooth, even
surface. The upstream end of the finished deflection plate was secured
to the nozzle by a special brass fitting machined to provide the proper
Jet-deflectlon angle from the nozzle exit to the deflection plate. The
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deflection plate was then placed over the contoured stack of aluminum
pletes and anchored tightly in place by means of a cable and turnbuckle
attached to the box frame and the downstream end of the deflection plate
(fig. 5). Side plates of the same height as the nozzle and running the
full length of the deflection plate were mounted on each side of the
nozzle. The side plates were sealed to the plate to prevent alr leakage
onto or away from the deflectlon plate.

Sketches of the curved deflection-plate profiles studied (A to F)
are shown in figure 6 together with pertinent dimensions. The curved
plates consisted of a short straight section followed by & circular-arc
section until a turning angle of 90° was obtained for the plate. Beyond
the 90° angle, configurations A, B, C, and F were provided with an
additional curved section.

PROCEDURE

Force and pressure date were obtalned over a range of nominal pres-
sure ratlos across the nozzles from 1.5 to 3.0, The jet stream discharged
into guiescent alr at an ambient pressure of 29.240.3 inches of mercury.
The forces on a Coande nozzle and the moment arms are shown in the fol-
lowing sketch:

?

Pivot A hf2| _
~—— L
@ _— -_— i
'7=: D
Gage 1 ' Pivot B
Z ZI—.
(20.96) (9.28) | =z
R
Gage 2 *F

It was determined that the horizontal force measurements were independent
of any vertical force; hence, the axial thrust was obtained directly from
strain gage 1. The moment about pivot A consisted of two components, the
1ift caused by the deflection plate and the axial-thrust reduction (drag)
caused by the plate. In calculating the net 1ift, moments about pivot A
give the followlng equations:

1 OR%
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L(z + 2' + z) +D(%+§)=F(z) ' (1)
or
F(20.96) - D (% + ;‘)

L= (30.22 + %) (2)

The thrust-reduction force (drag of deflection plate) D was calculated
by subtracting the measured axiasl thrust obtained with the deflected plate
from that obtained with the undeflected jet (no deflection plate). The
velues of ¥ and 2z were obtained from center-of-pressure calculations
based on the pressure distribution over the deflection plate.

In general, the deflection plate for a particular Coanda nozzle was
set at a predetermined angle and all pressure and force data were recorded
a5 the nominal pressure ratio was increassed progressively from 1.5 to 3.0.
Data recording generally was terminated for any particular configuration
when the Jet stream became detached from the plate. Jet-stream detachment
from the deflection plate was observed visually, since sufficient water
vapor condensed out of the alr leaving the nozzle to permit easy observa-
tion of the Jet stream. At the time jet detachment was observed, 1ift
force was reduced, axial thrust was lncreased to values approaching the
undeflected thrust, and local surface pressures on.the deflection plate
approached the ambient pressure.

RESULTS AND DISCUSSION
General Considerations

The performance of each Coanda nozzle is evaluabted in terms of the
ratios of 1ift %o undeflected thrust éfh and axial thrust to undeflected

thrust 32, where the undeflected thrust is that obtained for each nozzle
without a deflection plate. As a basis for comparison, the experimental
ﬁi end & values obtained herein are compared with those obtained from

& simplified theoretical analysis for a perfect curved-plate mechanical
deflector (ref. 4) and with those obtained from an empiricael relation
for single- and multiple-flat-plate deflectors. The equations for the
ﬁFL end & values for the various flat-plate deflectors are described

in gppendix B end are summarized in the following table:
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Plate |[Number|Local jfh % Refer-
contour |of angle ence
. plates|between
adlacent
plates
Curved® ;I R sin 6, . cos By 4
(per- - '
fect) :
‘- =1 gy
Flat n e, 2 tan 64 cos S O il - tan 64 sin g 8y | Appen-
varileble| i= k=1 I= = dix B
Flat 1 01 sin 64 l-s8in 64 tan 6y 2 and
: appen-
dix B

SPerformance of this type deflector is said to-follow the "cosine law.”

As 1s evident from the table, the 55 and & values calculated by

use of the applicable equatlons in appendix B for multiple-flat-plate
configurations vary with the number of flat plates used and the local

- deflection angle between adjacent plates. In all cases the calculated

.9']-_' and .ﬁ velues for a multiple-flat-plate configuration are less than

those for a perfect curved deflector. - For a multlple-flat-plate deflector
at total deflectlon angles heyond those obtalnable with a single flat
plete (ref. 2), decreasing é’i and &, values are obtained with progres-
slvely fewer flat-plate segments. Conversely, as large numbers of flat-
plate segments are used (constent total deflection angle), the surface
contour approaches that of a curved surfece, and & and & values near
those given by the sine and cosine curve, respectively, are obtained. An
example of the effect of the number of flat plates used to_obtain a total
Jet-stream deflection of 60° on the calculated J?L and 5; values 1is

shown 1n the following table, along with the values for the perfect curved
plate:

Plate contour |Locel angle be-| % | &£
tween adjacent

plates,
deg
Two flat 30 0.788 ({0.211
Three flat 20 .803| .328
Six flat 10 829 .420

Curved
_— (cosine 1law) 4, 60 .866| .500
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The table shows & variation in the calculated & value based on that for
a perfect curved plate of up to 9 percent, and in the calculated 5€ value
up to 58 percent depending on the deflection-plate contour.

Performance of Coands Nozzles

The performance of the Coanda nozzles in terms of the ratio of 1ift
to undeflected thrust &1, and ratio of axial to undeflected thrust £

(hereinafter called axisl-thrust ratio) as functions of total deflection-
plate angle is presented in teble I. Cross plots of these data show that
the performence (&, and &) for a perticular configuration at a given
deflection angle is substantially independent of pressure ratio as long
as Jet detachment from the deflection plete does not occur. Conseguently,
the discusslon of the data herein generally will be confined to a nominal
pressure ratio of 2.1, and the trends of the data will be considered
representative of those occurring at the other pressure ratlios studied.
Only performance data for no jet detachment from the deflection plates
are discussed herein. dJet detachment usually occurred within 5° of the
angles associeted with the last data polnt given in table I.

The following general performence date were obtalned with all con-
figurations studied: (1) The experimental &, and & values increased

and decreased, respectlvely, with increasing totel deflection-plate angle,
and (2) the experimental -9i and & values were lower and higher,
respectively, than calculated values. The departure of the experimental
values from calculated values is attributed primarily to the facts that

the Jjet stream was not turned the full deflection angle prescribed by the
deflection plates and that the averaege Jet totael pressure decreased with
increasing distance dowmstream of the nozzle exit (see appendixes C and D).

The following sections present details of the experimental over-sll
performence data for multiple-flat-plate and curved-plate Coands nozzles
in terms of £, and &; as functions of totael deflection-plate angle

f8¢. Also shown in the attendant figures are the spplicable calculated
é’i and 32 values for the particular configuretions and, for comparative

purposes, the curves obtained for single-flat-plate and perfect curved-
plate mechanical deflectors. For convenience, the calculated 54, and

52 values for multiple-flat-plate configurations are shown by curves

representing an average value at any 9+ <Ffor the particular combination

of plates indicated by the experimental data points; the specific calcu-
lated values that apply for each configuration are within 42 percent of
the average values given by the curves.
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Two flat plates. - The "i and 5; values for a Coanda nozzle using

two flat plates to deflect the Jjet stream are shown in figure 7 as a fune-
tion of 64. The data were obtained using a nozzle height of 1.1 inches

and several plate lengths as noted in the figure. The measured & values

are about 12 percent lower than the corresponding values calculated by use
of appendix B. For the range of deflection angles shown in figure 7, the
decrease in the calculated -95 values (estimated performance curve, fig.
7) from the sine curve amounts to about 3 percentage points. The measured
&, value at a 6y of 500 falls about 54 percent esbove the calculated

values. At small total deflection angles (less than 30°) the experimental
35 values fall spproximately on the estimated performance curve.

At a particular total deflection-plate angle, greater éFL values
usually are obtained for configurations with large 6; than with small
61. For example, at Ot of 30° the configuration with 67 of 20° hss
an JFL value of 0.455 compared with -9£ of 0.410 for a configuration
with €9 of 10°. Within limits, the 62 at which Jjet detachment occurs
from the deflection plate is Independent of €.

Because the local surface pressure coefficlents were essentlally zero
over the last half of the second deflection plate (see appendix C), a
reduction in the length of the second plate from 5.2 to 2.75 inches had
no apprecisble effect on the measured Fj, and F values (fig. 7).

A comparison of the data shown in figure 7 with that given In ref-
erence 2 shows that a two-flat-plate configuration can be deflected to
considerably larger 6; values than a single flat plate before Jet de-

tachment occurs. Consequently, larger 5?& values can be obtained with
two flat plates than with a single flat plate. Specifically, for
deflection~-plate lengths and angles approaching optimum values (defined
as deflectors having negative surface pressure coefficlents over their
entire surface with a zero pressure coefficient initially occurring at
the downstream end of each plate; see also ref. 2), a two-flat-plate con-
figuration can deflect the jet to angles about 50 percent greater and
obtain J?L values asbout 30 percent larger than those obtainable with a

single-flat-plate configuration.

Three flat plates. - The &y, and %, values for Coande nozzles using

three flat plates to deflect the jet stream are shown in figure 8 as a
function of &¢. Nozzle heights of 2.0, 1.1, and 0.5 inch were used

together with individual deflection-plate lengths of 2 to 4.88 inchee as
noted in the figure. In general, the data show the seme trends of #7,

and % with increessing 6; and 6; valués as discussed for the

CIOR®
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two-flat-plate configurations. The reduction of the measured 3?; values

from those given by the estimated performance curve amounts to about 17
percent for O values less than 60°. With a nozzle height of 0.5 inch

(fig. 8(c))}, it was possible to obtain total deflection-plate angles up
to 89°; however, the attendant 7, values were only of the order of 0.66

(14 percent less than calculsted values), because the 1lift was obtained
primarily from the first two plates. The third plate, because of its
steep deflection angle relative to the horizontal nozzle axis, contributed
almost wholly to reducing the axial thrust.

The %, values for 6, near 60° (fig. 8(b)) are generally greater

by up to 47 percent than those given by the estimated performance curve.
At total deflection-plate angles near 90° (fig. 8(c)), the measured %

value of 0.12 greatly exceeded the calculated value of -0.35 because of
feilure of the jet to turn the complete angle prescribed by the flat
Plates and because of the simplifying assumptions used in the equations
presented in appendix B. The inability of the jet stream to turn the full
total angle prescribed by the deflection plates was observed for all con-
figurations and deflection angles; however, this phenomenon was more
evident at large total deflection angles.

Six flat plates. - While the two- and three-flat-plate configurations
were studied over arbitrarily selected deflection-plate lengths and angles,
the individual plate lengths and angles for the six- and nine-flat-plate
configurations (the latter to be discussed later) were calculated by use
of the single-flat-plate data of reference 2 in order to obtaln near
optimum performance. For a prescribed total deflection-plate angle, equal
local deflection angle between adjacent plates, and a given number of
plates, a plate length was calculated that would result in negative sur-
face pressure coefficients over the entire surface with a zero pressure
coefficient approximately at the downstream end of each plate.

For the six-flat-plate Coanda nozzle (h = 2.0 in. and ¢ = 750),

an -’i value of about 0.805 was attained compared with a calculated value
of 0.896. The measured 52 velue was 0.345 compared with the calculated

value of 0.141, indicating that the Jet stream did not turn the full 75°
prescribed by the deflection plate. It is believed that the decrease in
average total pressure of the Jet stream with distance downstream from
the nozzle exit also contributed to the reduced Jza and increased &
values. Further discussion of the performance compared with that calcu-
lated empirically is contained in sppendixes C and D.

A comparison of the é?i value obtained with the six-flat-plate con-
flguration with that interpolated for the three-plate configuration at a
8y of 75° (fig. 8(c)) shows that the &, value for the six-plate con-
figuration is about 19 percent greater than that for the three-plate
configuration.
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Nine flat plates. - The experimental and calculated JFL and 32
values for a nine-flat-plate Coands nozzle (h = 0.5 in.) with each plate
designed on the basis of optimum retioc of plate length to nozzle height
for single plates (ref. 2) is shown in the following table. The data
ghown include the effect of using 67 values of 0°, 109, and 20° with a

corresponding change in 64 of 80°, 90°, and 100°, respectively:

Local |Total Z i
angle | deflection- % # S
of plate angle, Exp. [Calc.|Exp. jCalc.
Tirst O,
plate, deg
01
2
deg
0 80 0.808|0.9128(0.270}0.08L
10 90 .885| .919| .135|-.0S86
20 100 .884| .892| .020|-w==-

A maximum 55 velue of 0.885 was obtained at the design 8y of 90°,
compared with a calculated value of 0.918.

A change in 6; of #10° from the design angle of 10° caused a de-
ceease in the measured JFL values, especlally when 6, was reduced to )
0°. For 6y of 0°, the first plate contributed practically no 1ift, '

because, as shown in table I, the negative pressures (yielding 11if%) on
this plate were belanced by positive pressure. Consequently, the jﬁh

value was reduced (from 0.885 to 0.808), since the deflection plate con- -
slsted effectively of only eight plates with a 64 of 80°. With a o

of 209, the 1lift on the first plate was increessed; however, the last plate
(64 = 100°) had a downward force component that decreased the 1lift gain
from the first plste. Furthermore, the other plates (2 to 8) had some-
what reduced 1ift components because of flow interactions due to deflecting
the first plate to a larger angle than that between the succeeding plates.
The result of all of these effects caused the JFL value for Gt of 100°

to be substantially the same as that at 6y of 90°.

For the three 6 values studied with the nine-flat-plate config-
uration, the measured 52 values were always greater than those calcula-
ted. At a 6y of 100°, however, the % was nearly zero, so that only
vertical lift was being obtained. -
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Curved plates. - Previous unpublished NACA date for Coanda nozzles
bhave shown that, when a curved deflection plate is tangential to the noz-
zle centerline at the nozzle exit, a positive surface pressure relative
to ambient pressure is obtained on the plate near the nozzle exit. This
positive surface pressure causes a downward force on the plate and con-
sequently reduces the over-all 1lift of the configuration. The curved
plates used herein, therefore, consisted of a straight section inclined
downward near the nozzle exit followed by the curved contours shown in
figure 6. The stralight section of the deflection plate was generally
designed in accordance with optimum ratios of nozzle height to plate
length presented in reference 2, with the result that only negative sur-
face pressure coefficients occur on this portion of the deflection plate.

The measured &, and & velues obtained with a Coanda nozzle using

& curved deflection plate are summarized in the following teble
(Py/po = 2.1):

Config- | &, values | & velues®
uration
A 0.815 -0.04
B .810 -.02 h
C .807 -.04
D .T70 .2L
E .803 .12
B .803 -.02

8Minus signs indicate that the jet
stream was turned more than 90°,
yielding a reverse thrust in the
axial direction; plus signs indi-
cate that the jet stream was not
turned 90°.

These data show that a curved surface with a 90° angle at the dowmstream
end of the plate (configurations D and E) will not turn the jet stream
ag much as the deflection angle specified by the plate. It 1s necessary,
therefore, to "overturn" the defldction plate (see configurations A, B,
C, and F) bg an angle of perhaps 10° in order to turn the Jet stream the
required 90° and obtain an & value of zero.

A comparison of the data obtained with the curved-plate configurations
with those for the nine-flat-plate configuration shows that the latter
has an & value about 0.07 higher then that of the curved plates (0.88

to 0.81, respectively). It should be noted, however, that the curved-
plate configurations studied herein are not considered optimum deflection-
plate profiles (see also appendix C). Also the detalls of the degree and
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means for overturning the deflection plate at the downstresm end have
not been fully explored.

Comparison of Performance for all Coanda Nozzles Tested

The performance of the various Coanda nozzles studied herein is sum-
merized in & plot of the variation of & with # shown in figure 9.

The measured-data curves shown in figure 9 were obitalned by falring a
curve through the highest 55 values at each 60y presented in the previ-

ous figures and in the tebles. Also shown in figure 9 are the performance
curves for slngle-flat-plate and perfect curved-plate mechanical deflec-
tors. All the data, except for the three-flat-plate configuration, used
to deflect the Jet near 90° (h = 0.5 in.), fall between the envelope of
these two curves. The performance of the three-flat-plate configuration
for a nozzle height of 0.5 inch was relatively poor, primarily because

the JFL value was low since the third plate virtually did not contribute

to 1lift, as discussed previously. The best performance (as defined by
nearest approach of the experimental data to the cosine-law curve) for
large total deflection-plate angles was obtained by the six- and nine-flat-
plate configurations. In general, the measured JFL values of the best

Coanda nozzles for 6 values greater than 70° ( 32 values less than

about 0.3) were sbout 85 percent of those calculated for a perfect curved
plate.

CONCLUDING REMARKS

The results of this study show that Coanda nozzles using multiple-
flat-plate or curved-plate deflectors can achieve a 90° deflection of the
Jet stream with vertical-lift values of the order of 0.88 and 0.81,
respectively, of the undeflected thrust. These 1lift values are accompanied
by an essentislly zero exial-thrust component. The measured 1lift -values
are not considered to be optimum for a Coanda nozzle, higher values pos-
8ibly being ettainable with more refined defiectors.

For the Coanda nozzles used herein, side plates were required to delay
Jet-stream detachment from the deflection plate. The optimum shape and
height for these side plates were not determined; however, side plates
of the same helght as the nozzle and extending the full length of the de-
flection plate appeared to be adequate.

As polnted out in reference 2, the deflection surfaces may necessarily
be large in order to achieve good performance for a high degree of jet-
stream turning for use with VIOL alrcreft; therefore, best utilization of
a Coands nozzle can be achleved by designing an aircraft with due consider-
ation of the unique characteristics of the device rather than by

LOBY
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incorporating it in an existing sircraft. Any trim or pitching moments
that might be caused by the location of the center of pressure for the
deflection plate (see table I) would have to be compensated for by an ap-
propriate reactlon control device.

Lewis Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 24, 1958



16

=

T

=3

e

Po

<1

NACA TR 4377
APPENDIX A

SYMBOLS
deflection-plate drag force, 1b
force measured by strain-gage system at location noted, 1b
undeflected jet thrust (no deflection plate), 1b
force or 1ift normal to plate surface, 1b

retio of lift to undeflected thrust, L/F

ratio of axial thrust with deflection plate to undeflected
thrust (also called axial-thrust ratio)

nozzle height, in.
vertical 1ift, 1b

length of an individual flat plate in a multiple-flat-plate
configuraetion, in.

total length of deflection—plgte configuration, in.

surface distance measured from upstream end of a defleciion
plate to an arbitrary point on deflection plate, in.

Jet total pressure, in. Hg gage

average total pressure of Jjet downstiream of nozzle exit, in.
Hg gage

maximum total pressure of Jet downstream of nozzle exit, in.
Hg gage

Jet total pressure, 1n. Hg abs

local static pressure on deflection plate or in jet stream as
noted, in. Hg abs

atmospheric pressure, in. Hg abs

vertical location of center of pressure referenced to lower
1lip of nozzle exlt, in.
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. horizontal locatlon of center of pressure referenced to
nozzle-exit plane, in.

w|

z,z" horizontal lever arms, in.

2] locel deflection-plate angle, deg
8¢ total deflection-plate angle, deg
Subscripts:

L 1ift

1,2,3, ... plate number
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APPENDIX B

ESTIMATED PERFORMANCE OF MULTIPLE-FLAT-PLATE DEFLECTORS
By Thomas F. Gelder

As demonstrated in reference 2, the experimental performance (

and &#; values) of a single-flat-plate deflector is reasonably represented %
by the followlng expressions: =
Fi, = sin 61 (Ble)
& =1 - tan 67 sin 6; (B2a)
from which, by definltion,
Ly = Fj sin 6y : (Blb)
Dy = Fy tan 07 sin 6p (BQP) .

An integration of local pressure differences from ambient along the single-
flat-plate length (plate area for unit width) can be represented by a
single force normal to the plate FN,l‘ The vertical (1ift) and borizontal

(&rag) components of this normal force are

Ll = FN’]_ cos 91 (BS)
and

Dl = FN,]. sin 91 (Bé)
Combining (B3) and (Blb) or (B4) and (B2b) results in

Fy,1 = Fj tan 6 (B5)

By assuming that the Jjet stream will turn from the first plate and
follow a second plate in the seme manner (same losses and/or augmented
flow) as it left the nozzle exit and followed the first plate, & method
for predicting the performance of a two-plate deflector is suggested.
Such reasoning implies a normal force on the second plate analogous to
equation (BS), or -

-

Fy,2 = Fj ten 6 (Bs)
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Likewise, throughout any given multiple-flat-plate deflectors,

Fy,; = Fj tan 6 (B7)

Since 63 is defined as the local angle between adjacent plates, the 1ift

and drag components of the ith plate are a generslization of equations
(B3) and (B4), respectively, or

el
Li = Fyy,1 cos g 8y (B8)
i=n
Dj = Fy,1 sin Z : CH (B9)
i=1 : .

With equation (B7) the total 1lift and drag for a multiple-flat-plate con-
figuration are, from (B8) and (B9),

L=L1+L2+na- Ln

= =1
= Fj [tan 01 cos 61 + tan 65 cos (61 + 85) + ... tan 61 cos ek]

(B10)
D=Dy +Dg + ... D,
i= k=i
= Fj [tan 6; sin 6; + tan 6y sin (67 + Op) + ... g tan 64 sin g; 6y
(B11)

From the definition of & and &, equations (BLO) and (Bll) become

L
F ==
L™F
J
i k=l
=tan 61 cos 6 +tan 62 cos (61 +63) +... E , tan 64 cos 6x
= =]
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=n
=1 - [ta.n 91 sin 61 + tan 82 sin (61 + 92) + ... tan 64 sin E 9%
=) ke

(B13)

The performance estimetes of multiple-flat-plate configurations using
(B12) and (Bl3) represent maximum &, and minimm & values to be ex-

pected and should only be used as & gulde. Actual performance will depend
on plate length, nozzle slze, entralmment of surrounding air by the Jet
stream, and so forth, as discussed in reference 2, and also will differ
from (B12) and (Bl3) because of losses in Jet-stream total pressure as
indicated in appendix D. Finally, local deflectlon angles are limited by
Jet-stream detachment from the deflection plate (ref. 2).

1 08%
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APPENDIX C

PRESSURE DISTRIBUTION OVER DEFLECTION PLATES

Order of magnitude and trends of specific effects on the pressure
distribution over the deflectlion plate due to pressure ratio, plate
length, local and total deflectlon angles, number of plate segments, and
nozzle height are discussed in this appendix.

A complete tabulation of the local surface pressure coefficients as
a function of distance along the plate surface measured from the nozzle
exit is given in table II for the multiple-flat-plate and curved-plate
configurations.

Multiple Flat Plates

Representative pressure distributions for the multiple-flat-plate
configurations are presented in figures 10 to 13 in terms of loecal sur-
face pressure coefficient (p - PO)/PJ as a function of local deflection-

plate length 1I1' measured from the upstream end of each plate in the
deflection-plate configuration. DPressure distributions for configurations
having equal local deflection-plate angles (6, = 65 = 8z ...) Were

selected for these figures. Furthermore, for each configuration the
pressure distributions for the individual plates are superimposed for
purposes of data comparison. Where possible, the pressure distribution
for a single-flat-plate configuration (ref. 2) is also shown for com-
parison. Finglly, small inserts in the figures show the local surface
pressure coefficients as a function of the total deflection-plate
length 1.

The pressure-distribution trends observed for all multiple-flat-
plate configurations are summarized as follows: The pressure distribu-
tion over the first plate of & multiple-flat-plate configuration has the
same general shape as that for the single-flat-plate configuration (see
figs. 10 to 12) except near the downstream end of the first plate, where
the local surface pressure coefficient is greater for a multiple-flat-
plate configuration than for the single-flat-plate configuration. A
small decrease in (p - PO)/PJ near the upstream end of the plate also
is evident for some of the multiple-flat-plate configurations. The
second and succeeding plates of a multiple-flat-plate configuration show
progressively decreasing local surface pressure coefficients (less
negative values) near the upstream portions of the plate compared with
the (p - po)/PJ values for the first plate (and single-flat-plate data).

The decrease in the local negative surface pressure coefficients over
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the upstream portions of the second and succeeding deflection plates
results in a decrease in 1ift for these plates compared with that pre-
dicted by single-flat-plate data. Some lncrease in 1ift is obtalned by
the higher negative (p - Po)/Pj values over the downstream portions of

the first plate; however, the decrease in lift of the other plates in a
configuration generally outwelghs this improvement.

Details of the pressure distributions for each multiple-flat-plate
configuration are discussed 1n the following sections.

Two flat plates. - In figure 10(a) the pressure distribution over a
two-flat-plate configuration is shown for nominal pressure ratios of 1.8
and 2.7 and a local deflection angle of 10° (91 = 05 = 10°). The dash-

dot curve in the figure 1s the pressure distribution mesasured for an
otherwise similar Coanda nozzle using a slngle~flat-plate deflector for
61 of 10° (ref. 2). Similar date at a local deflection angle of 20°

and a PN/PO of 2.7 are shown in figure 10(b). The general pressure-
distribution trends described previously occur both for above and below
nozzle choked-flow conditions. The decreased &, value (compared with

calculated) for the two-flat-plate configuration shown in figure 7 and
discussed in the text is attributed primarily to the decrease in local
surface pressure coefficients over the upstream portion of the second
plate (square symbols, fig. 10).

It is of Iinterest to note that the second plate for the configura-
tions shown in figure 10 was excessively long, as evidenced by the initiasl
location of the Zero pressure coefficient upsireem of the end of the
plate (see ref. 2), and that some increase in JZL could be obtalned by

using a shorter second plate and thus deleting that portion of the plate
over which positlve pressures exlst without affecting the remaining
pressures over the rest of the plate (ref. 2).

Three flat plates. - The deviations of the pressure distribution
for successive deflectlon plates of a three-flat-plate configuration com-
pared with single-flat-plate data (fig. 11) followed the trends noted
for the two-flat-plate configuration. The local surface pressure coef-
ficients for the third plate (constant 6 values) were lower (less nega-
tive) than those for either the first or second plate. This factor con-
tributed lergely to the decresse 1ln é?i values for the three-flat-plate

configurations (fig. 8) compared with calculated values.

Six flat plates. - The decrease in 1lift caused by the progressively
reduced locel .surface pressure coefficients over successive plates of the
six-flat-plate configuration (fig. 12) is illustrated by comparing the
1ift normal to the surface obtained from each plate (obtained by integra-
tion under the pressure-distribution curves) with that for the first

LO8?
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plate and that for a single flat plate (ref. 2). These comparisons in
ratio form are shown in the following taeble:

Plate|Ratio of Ratio of

normal 1lift normal 1ift
of each plate|of each plate
to normal to normal 1ift
11ft of first|of single flat
plate plate (ref. 2)

1 1.00 1.10

2 .69 .76

3 .64 .70

4 .60 .66

5 .56 .61

8 .25 27

These date show that, except for the first and last plates, the
plates contribute only sbout two-thirds of the normsl 1ift obtainable
with a single f£lat plate for the same operating conditions. The sixth
plate has a normal 1ift only sbout one-fourth of that for the single flat
plate. This low lift mey be explained by the fact that the Jet stream
is not being turned to the complete 6y of the deflection surface, and

local Jet detachment may be occurring.

Nine flat plates. - For the nine-flat-plate-configuration (fig. 13),
the effect of decreased local surface pressure coefficlents with down-
stream location of the particular deflection plate on the 1ift normal to
each plate was substantially the same as for the six-flat-plate config-
uration. In the following table the 1ift normal to each ingtrumented
plate (odd-numbered plates) is compared with that for the first plate:

Plate|Ratio of normal
1ift of each
plate to normal
Lift of first
plate

1.00
.91
.68
.57
.28

O-1TUWwWK

These data sre for 6, of 90° (6] = 10°). As for the six-flat-
plate configuration, the normal 1ift for the downstream plates 1is reduced.
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Curved Plates

Typlcal pressure distributions over several curved-plate configura-
tions are shown as & function of distance along the deflection plate in
figure 14. In general, the local surface pressure coefficients over the
straight section of the deflection plate are comparsble in magnitude
to those obtained with the single-flat-plate configurations of reference
2. In the transition reglon where the straight section fairs into the
curved portion of the deflection plate, the local surface pressure
coefficients increase again to reach large negative values (up to about
-0.5). Following this negative surface-pressure-coefficient peak, in
the transitlon region the coefficients oscillate widely in a series of
alternating peaks and valleys before tending to decrease monotonlcally
with increasing surface distance along the plate.

Efforts to eliminate the regions of low negative pressure coeffi-
cients by a change in over-all radius of curvature of the deflection
plate proved unsuccessful. It is believed that small local changes in
curvature of the deflection plate would elimlnete these valleys in the
pressure dlstribution and thereby increase the 1ift obtainable with a
curved deflection plate over the 35. values given in the text. The

present setup, however, was not sufficlently flexible for the study of
such local effectis on the performance of the configuration.

The effect of pressure ratioc on the pressure distributlion over con-
figuration A is shown in figure 14(a). It is apparent from these data
that no systematic trends are discernible.

Pressure distributions for configurations E and F were substantially
gimilar to those shown in figure 14 and are not further discussed.
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APPENDIX D

EFFECT OF JET-STREAM TOTAL-PRESSURE LOSSES ON DEFLECTION-PLATE PRESSURE
DISTRIBUTION AND LIFT CAPABILITY

The local pressures obtalned on the surface of the deflection plates
are expressed herein in terms of the average total pressure of the Jet
stream measured near the nozzle exit. Also, in the calculsted perform-
ance herein it was assumed that the total pressure of the jet stream
remains constant with distance downstream of the nozzle exit. However,
for an undeflected Jjet, increasing total-pressure losses do occur with
progressively increasing distance downstream of the nozzle exit because
of mixing with the gquiescent air surrounding the jet stream.

Total- and static-pressure traverses of the undeflected Jet stream
at several downstream stations were made with the 2-inch nozzle; the
resultant total-pressure profiles are shown in figure 15(a) for a
nominal pressure ratio of 2.1. It is apparent that the total-pressure
profile increases in height (measured vertically from the nozzle center-
1ine) and also that the maximum total pressure at the jet centerline
decreases with increasing dlstance downstream of the nozzle exit. Near
the nozzle exit (0.5 in. downstream) the total-pressure profile shows a
nearly flat, rectanguler shape similar to the shape usually existing at
the nozzle exit. Farther downstream the total-pressure profile is no
longer flat but shows a decrease in total pressure with increasing height
measured vertically from the Jet centerline.

These total-pressure profiles were integrated, and the ratio of the
average total pressure downstream of the nozzle exlt to total pressure
at the nozzle exit Pj,d/Pj is shown in figure 15(b) as a function of

distance downstream of the nozzle exit for a range of pressure ratios.
Figure 15(b) shows that the average total-pressure ratio Pj,d/Pj de-

creases with Increasing distance downstream of the nozzle exit. For the
nozzle studied, Pj,d/PJ of 0.56 was obtained 11.88 inches downstream of
the nozzle exit. Also shown in figure 15(b) is the ratio of the maximum
value (nozzle centerline) of the local Jet total pressure to the total
pressure at the nozzle exit Pj,m/Pj' This total-pressure ratio also

decreases with distance from the nozzle exit, attaining a value of 0.66
11.88 inches downstream of the nozzle exit.

The deterioration of the Jjet total pressure downstream of the nozzle
exit helps to explain in part the reduction in the local negative surface
pressure coefficlents on successive plates with & multiple-flat-plate
configuration. All other factors remaining equal, the pressure distri-
bution over each plate (hence normal 1ift) is & function of the total
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pressure of the Jjet stream passing over each plate. A reduction in Jet
total pressure will therefore result in decreased local pressures on &
plate and a reduction in normsl 1ift over the surface. It was observed
that, when the ratio of the average surface pressure coefficient for a
glven plate to that for a single flat plate is plotted as & function of
distance downstresm of the nozzle exlt to the midchord of the particular
plate, the resulting values are similar to those for the average total-
pressure ratio PJ,d/Pj given in figure 15(b). However, this observa-
tion may be fortuitous, since the effect of a deflector such as the six-~
flat-plate configuration on the local Jjet-stream total pressures was

not determined. While an effort was made to obtain total-pressure pro-
files of the Jet stream over the six-flat-plate deflector, the presence
of the pressure probe markedly affected the pressure distribution over
the plate being studied and caused a loss in 1ift for the configuration
(in some cases jet separation from the deflector occurred). The total-
pressure deta obtained under these circumstances were not considered
velid and therefore are not Iincluded herein.
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TABLE I. - SUMMARY OF FERPORMANCE CHARACTERISTICS

{2} Two-flat-piate configurations; norzrle height, 1.l Inches; I; = 2.0 inches

Deflection- |Pressure|Ratio of 1ift [Axial-| ¥, | =, Conzants’
plate angle, fratio, ta undeflected|thrust| in. in.
deg Pu/pu thrust, ratio,
5 ¥,
ell 8y ) L z
1o = 5.2 in. i
10} 10 *1.51 0.501 - 0.829 |-0.56 {-0.23 -
1.82 .292 - <25 .75
2.11 .286 .894 .69 2.05
. 2,72 <504 911 A7) .28
) 5.04 3500 .89% .06 .96
15 1.51 0.329 .86l 0.67§ 1.80
l.82 <354 .860 .61]1.58
2.10 .356 853 84| 2.12
. 5.05 .392 836 62)] 1.86
20 .53 0.400 0.842 1.47{ 2.2¢9
l.84 413 814 1l.41] 2.75
2.1k 415 <197 1.351 | 2.57
2.69 427 .817 1.11 | 2.54
35.05° 447 -790 1.45 | 3.25
28 1.51-. 0.476 0.728 1.92] 5.24
1.80 480 =711 2.20| 3.72 .
2.15 496 674 2.42 | 4.27 .
_2.74 498 =703 1.89 | 5.16|Jet detachment at Pn/po > 2,9
50 1.51 0.550 0.654 2.40| 5.36
1.85 .526 .630 | 2.80| 5.92|Jet detachment at Py/pg > 2.0
15| 10 1.50 0.369 0.878 0.35]1.00
1.80 372 .871 «S5711.07
2.14 373 .853 .3811.18
2.71 .396 .870 .45 1.37
5.03 3587 .859 4] 1.31
20 1.52 0.491 0.7686 1.02]1.58
1.83 .492 . 758 l1.22| 1.51
2.10 480 T4 1.33]1.97
2.72 513 T2 1.011]1.86
5.00 .5135 <754 1.689 | 2.70
25 1.52 0.531 0.699 1.75| 2.11
1.83 541 .572 2.12 ] 2.64
2.14 .555 .528 2.42] 5.05
2.70 .555 591 1.85 | 2.45
5.06 462 <T54 2.57 | 5.15[Partial jet detachzent
2.87 560 -672 2.52 | 2.99 -
30 1.50 0.589 0.597 2.44 | 2.68
1.682 .578 510 2.71 | 2.95
2.70 .525 .682 | 2.74] 2.80
3.04 .258 .891 | 2.09] 1.79|Partial jet detactment
20110 1.52 0.427 0.82¢ 0.38] 0.90
1.8¢ 442 . 785 44| 1.01
2.14 460 815 -43 .81
5.06 463 805 .35]1.66
20 1.82 0.543 0.717 [ 1.05| 1.44
2.12 552 708 1.4 ] 1.44
2.72 556 .718 1.25]1.71
3.04 493 T34 1.61] 2.13
25 1.50 0.604 0.6687 1.39 ) l.44
- 1.80 604 -£30 1.48] 1.75
2,13 .00 .620 1.95] 2.00
2.7T .588 658 1.921 2.10 -
3.04 .482 .686 2.38 | 2.1I5
50 1.50 0.634 0.560 |2.10] 1.87 )
1.8¢ -635 530 2.55| 2.25
2.14 .586 580 2.75}) 2.27 .
2.70 .569 .595 [2.71| 2,34 |Jet detachment at FPy/pg > 2.8
1, = 2.75 in.
15 ( 10 1.81 0.377 0.815 0.38} 0.96
1.83 570 .893 AG[ 1.04
2.14 575 -866 48} 1.C8
20 1.53 0.490 0.811 1.14] 1.34
1.83 488 +783 1.41] 1.92
2.15 491 751 1.35| 2.05
2.75 531 Téd 1.35 | 2.02
20|10 1.52 0.451 0.873 0.45| 0.96
1.80 455 842 501 1.15
2.12 450 827 -4S .95
2.68 459 .822 .6411.28
3.02 442 -808 87 1.61
15 1.50 0.505 0.811 0.59| 1.06
1.82 .548 . 782 .78 ] 1.30
2.71 517 2771 .91] 1.51
35.05 469 JTIT3 1.27 | 2.02
20 1.50 0.562 0.785 0.95| 1.37].
1.83 552 736 1.18 ] 1.59
2.11 .559 .702 1.38 | 1.64
2.58 564 705 [1.47]11.91
3.03 274 .858 1.09] 1.56 |Partial Jet detachment
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TABLE I. - Contimued. SUMMARY OF PERPORMANCE CHARACTERISTICS
(b) Three-flat-plate configurations; 12 = 2.75 inches; 1z = 4.88 inches

Deflection- | Pressure |Ratlo of 11f%t | Axial-| ¥, 2, - .
plate angle, | ratio, to undeflected | thrust in. in.
deg PN/bo thrust, ratio, -
o, e, [0 c? % :
1(%|%s :
h= 2.0 in.; 11 = 2.5 .
10 | 10 | 20 1.51 0.488 ~10.723 | 3.88 |5.48 -~
1.81 .492 | .73% | 3.98 |5.86
2,12 .492 .712 | 4.17 |6.50
2.69 .548 .731 | 3.85 |5.94 -
15 1.51 0.478 0.813 | 2.98 [4.58
1.81 .465 L7195 | 2.82 |4.84
2.13 .462 .704 |3.03 |4.95
2.70 497 .787 | 3.00 |5.53
15 |20 1.52 0.556 To.m11 |3.88 [5.00
1.80 .526 ‘} .679 | 3.94 {5.55
2.13 .558 ‘| -667 |3.80 |5.36
2.72 .543 .684 | 4.01 |5.82
15 | 15 | 20 1.50 0.608 0.644 | 4.08 |4.04
1.81 .593 ;] 834 |4.20 [4.15
2.11 .B1% | .816 {4.32 |4.03
2,70 578 | .647 |3.93 |4.62
h = 1.1 in.; 27 = 2.0 in. T
10 |10 10 S i e | =
2.08 0.399 0.841 |2.73 |3.02
2,72 | .423 .838 | 1.97 |3.59 .
: 2,96 .434 -] .808 |2.22 [3.37
20 1.82 0.465 0.743 | 3.88 |5.07 e
2,09 47T .721 | 3.51 |4.74 i
2.68 504 .| .717 |2.84 {4.88 ]
3.00 476 -] .716 |3.30 |5.38 -
25 1.83 0.488 _|0.876 |4.70 |5.79 v
2.12 .504 .639 | 4.78 |5.78
2.69 .507 .655 |5.18 [6.05
3.01 .487 - | .s78 |{5.03 |5.82 _
15 |20 |25 1.81 0.637 0.482 |4.38 |3.29 i
2.10 .633 .469 | 4.49 |3.39
2.68 643 474 | 4.468 |3.33 )
2.98 .623 .539 14.24 {3.55 -4
20 |10 |10 1.80 0.532 0.730 {1.36 |1.91 =
2.10 .535 | .728 |1.51 |1.98 :
2,67 .549 .730 | 1.91 [2.38
2.98 .523 .741 |1.80 |{2.50
20 | 1.83 0.604 _|0.612 |3.31 |2.81 z
2.12 .602 .608 |3.56 |2.93 3
2.70 .568 .617 |3.46 [2.95 -
5.00 542 - | .665 [3.40 |3.12 -
20 |10 1.80 0.618 0.612 |2.21 |2.13 -
2.12 .63t | .e00 l2.25 |2.13
2.72 .833 | .42 |2.28 |2.22 -
3.04 .532 .691 [1.85 [2.19 =
20 1.80 0.688 - |0.484 |3.57 |2.40 :
2.11 .879 (477 | 3.59 [2.44
2.69 .658 | .535 |[3.52 j2.47
3.01 .559 | .663 |2.39 i2.38 -
h = 0.5 in.; 11 = 2.5 in, =
20 [25 |25 1.80 0.682 0.316 |3.78 [2.80 =
2.10 .665 | .270 |3.65 |2.84
2.72 .654 .| .285 }3.88 |2.90 —
5.03 672 - | .273 {a.21 |2.53
22|25 |30 1.80 0.689 - |0.236 J4.37 |2.20 -
2.10 . .683 | .198 |4.29 |2.29 z
2.69 .648 .180 [4.86 |2.60 -
25 | 26 |53 1.80 0.683 . |0.137 |4.96 |1.85 .
2.11 .642 108 |[5.08 [1.91 _
2.70 .638 .| .088 |s5.25 [1.91
3.03 .630 .046 |5.72 [1.87
32 |32 1.80 0.693 0.068 |4.32 [1.66
2.12 .688 | .061 |4.s0 [1.93 -
2.70 .674 .035 |4.51 {1.99
5.02 673 .018 |4.88 |2.10
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TABLE I. - Concluded.

SUMMARY OF PERFORMANCE CHARACTERISTICS

(c¢) Six-flat-plate configuration; nozzle heighg,

2.0 inches; each deflection-plate

each plate length, 2.0 inches

Pressure | Ratio of 1ift | Axlal-| 7, Z,
ratio, to undeflected | thrust in. in,
PN/bO thrusg; ratio,
L 7
1.50 0.785 0.315 ag 2 3.4
1.78 .788 .318 |[85.2 | 3.4
2.12 .808 <345 5.23 3.4
2Egtimated.

1
angle, 1275 ;

(d) Nine-flat-plate conflgurations; nozzle helght,
0.5 inch; each plate length, 0.6

Inch;

deflection-plate angles 6, to 6g, 10° each
61, Pressure | Ratlo of 1ift | Axial- | ¥, Z,

deg ratio, to undeflected | thrust in. in.

Py/Po thrust, »atho,

utt 2| (a) | (a)

0 1.79 0.811 0.277 2.25 | 1.5
2.10 .808 270 2,25 | 1.6

2.71 .835 253 2.0 1.7

10 1.82 0.880 0.135 2.0 1.4
2.10 .885 «135 2.0 l.4

2,71 .885 .135 1.9 1.6

3.00 .885 .130 1.8 1.8

20 1.81 0.873 0 2.0 1.3
2.11 .884 .020 2.0 1.3

2.69 873 014 1.8 1.5

3.02 861 0 1.8 1.65

8Egtimated.

(e) Curved-plate confilgurations; nozzle height, 1.1 inches
Config- |Plate |Pressure|Ratio of lift |Axial- | ¥, Z,s
uratlon [length, (ratlo, to undeflected |thrust In. in.

. PN/p thrust, ratio,
° 7 P
L z
(2)
A 8.25 1.48 0.800 0. 2.25 2.08
1.80 .819 -.03 2.24 1.86
2.08 .815 -.04 2.27 2.02
2.46 .810 o] 2.15 2.06
2.86 . 766 .19 1.95 2.01
B 9.00 1.49 0.801 0.02 2,70 2.10
1.81 .804 0 2.69 2.15
2.13 .810 -.02 2.65 2.10
2.89 . 788 .10 2.39 2.42
2.88 774 .01 2.27 2,56
o] 7.80 1.79 0.842 -0.03 2.23 1.60
2.08 .807 -.04 2.22 1.63
D 11.25 | 2.09 0.770 0.21 [P3.2 [Pa.5
E 11.25 2.09 0.803 0.12 |P2.95 |P4.5
F 8.25 2.11 0.803 - -0.02 [P2.0 |[P2.3

&Negative sl
Jet stream).

brstimated.

indicates reverse thrust (excessive turning of



TARLE IT, - PRESSURE DISTRIBUTIONY FOR MULTIFLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(a) Twouflet-plate sonfiguretion; nozele helght, 1.1 inches; length of first plate, 2.0 inches

{1) 13 = 5.2 in.; pg = 24.93 in. Hg abe; &y = 10°
Plate angle dg, 10° 62, 15°. 8g, 20° g, 25° 82, 50°
PH/E_ 1.61 “_}_.82 2.11] 2.72] 3.04[-1.51] 1.82] 2.10] 2.71| =2.05| 1.53| 1.84| 2.11| 2.0 s.08| 1,51| 1.80] P.15| 2,74] 1.51] 1.88
Pys in. Hg gage [14.90(23,85(|3@,15/49.70[68.95]14.80(25.70 (51,85 [49.60|59.85|16.35(24.50(52.10|48.80(|59.60|14.90 | 25.30 [33.20(50.30 [14.70|24.70
Looal Local purface pressure coeffiscisnt, (p - po)/PJ
syrface ' . .
Al mvlna
disterse,
il = 0,25 -0,28|-0.35|-0.58| -0.15|=0.08| 0.34 [-0.32 |-0.34 [-0.12|-0.04 |-0.38]|-0.34 |-0.54]|-0.12]~0.04 |-0,35|-0.51 |-0.50 (-0.210 |-0.35|-0.54
1 . -.17) =-.25] -.28| -.08] -.02] -.27} -.20]| -,27) -.07|-0 -.28; -.21| -.27) ~.08| O -.28] ~.20| -.25| -.08| -.27| -.19
.78 - 07] =14 ~.28% -.12| -,08] -.15) -.12 | ~.22] ~.11| -.04| -.17 -I.ll 22 -1 -.4| -.25] .10 ~-.28| -.09| -.26| -.08
1.0 ~.03} -,06] -.02] -.19| ~.12] -.06| ~.04 j~O -.17) -.11| ~.07]| ~.04] ~.20| ~.18] -.21 | -.05| -. ~.01] -.18] -.08] -.02
1.25 ~.05):-.02 06| -.27]| ~.20{ ~,05| -.01 07) -.25] -.19)] ~.05| -,01 08| ~.28] ~,19| ~.01] O L08) -.24| -,02] <.0)
1.50 -.07 |=-,0], 07 -.51( ~.28§y -.05 0 07 =30 - 24| -, 07 ~.31] -.24 | -.01 0L 08| -.30| -.02 Pl
1.75 -.10| ~.04 .08 -.15| -.29{ -.091 -.03 05| -.15y -.28| -.08{ -.05 03| ~. 11| -.29| -.08 .01 04| -,10| -,08] -.02
lé = 0.5 -0.08(-0.12|-0.36|-0.09[-0.19|-0.22 [-0.24 [-0.39 |-0.22]|-0.25(-0.%2|-0.28 [-0.26[-0.29 |~0.21 |-0.27 |~-0.22 {-0.18[-0.35 [-0.25[-0.19
1,0 -0 -,01|~0 -.08| -.10|] ~.07| -.08| ».14 | -.20]| -.18| -,28| -.22| -.20| ~.25| -,19| -.26| -.21 | ~.19| -.17| -.26| ~.19
1.5 L0l .01 05| -,p2] -.02| ~.02| ~.01] -,04]| -.06)| -.10| ~.08] ~.15}| -.16] ~.12| -.16]| -.2%| ~.21| -.19| -.14] -.26] -.20
2.0 © 01 .01 03 .08 .08] 0 .01 02 .05 -.05( -.08[ -.09].-.20] -.04| -.13| -.19] -.20( -.19! ~.212] -.08] ~.20
2.5 ta01 .01 «02). .01 07 01 .01 .03 .02 .02 .01} -.031 -.03 01| -.09| -, 14| -.18] -.197] -.10] -.22] -.20
5.0 <01 01) .01 -.02) -.0% 01 .01 .03 .08 <.01 02 01| -.02 08| -.04| -.07]| ~.24 ) =17} -.08| -,16] -.19
5.5 01 01] .01 Od 02 01 01 B 00 . .02 «03 04 Q4]0 ~.02| -,09{ -.24|] -.05| -.07| -.17
4.0 <.01 01 .01 .02 0% .0 D1 01 -.01 .05 .01 .05 .03 N .03 . -.02| ~.08| ~.02| -,011 -.12
5.5 <,00 1 =017 <. 031= .02 L4 0 2 <01 021 =.03 01 28 027 =,01 WJOET W03 .02 =.0% 01 A3 =04
(2) 15 = 5.2 10.; PO = 28,93 in, Ag aba; 81 = 15°
; .
Piate angle 8, 25% 82, 35° 0p, 40° -8g, 46°
PH/DO 1.50| 1.80| 2.14| 2.71f 5.05| 1.62] 1.83| 2.10| 2.72| 3.00] 1.52| 1.8%| 2.14| 2.70]| s.08| 1.50] 1.82) 2.15]| 2.70| 5.04
PJ, in. Bg gage tu.m 23.10|52.90| 49.60|58.60|15.15 |24.15 32..85 |49.80 |57.90|15.20 |24.00|33.10|49.30 |59.55 14.50 [25.75 [35.25|49.30 |~0.02
Local Local surfecs pressure coceffioclent, (p - po)/rs
surface .
dietanos,
1 = 0. -0.42[-0.57 [~0,.45]-0.22]~0.24]~0.42]-0.57 }-0.46 {-0.21 [-0.14 |-0,41|-0.36 [-0.43|-0.20[-0.13 .42|-0.56 |-0.44 |~0.21 |-0.16
R «a0 -.49Q| ~.35| -.539] -.18] ~,11| -.39) -.34| -.539| -~.17 | -,10] -.3%3| -.33} ~.57| -.16] -,09 ]| -.39| -.55] -.38] -.27] -.12
.78 =32 ~.29} ~.24| -, 20| -,13]| -.32)| -, 28| -.22| -.28| -.1%{ ~.3)0| -.27| ~.26] -,}8| -2 | ~.31| ~.27 | -.28| -.,19| ~.}14
1.0 -.25| ~.22] -.16] -.2¢| -.17] ~.22| ~.20| -.}4 | ~.25| ~-.17]| ~.21| -.19)| -.13] -.23] -,16 | -.21] ~.20| -.15| -.24 | -.18
1.26 -.141 <160 - 100 .50 . 2% ~. 241 221 07| ~. 20} -.9%{ ~.12] ~.12] - 06} ~.29] .25 [~.1=] .23 [ -.081 .50 .22
1.50 -.08| ~,10| -.02( -.32| ~.28| ~.09| -.09 =01 | -, 34| -.28| -.08| ~.08 01| -.54| -.27| ~.08| -.08 | -.0k{ -.19 | ~.06
) 1.75 -.07| ~-.08 |-=-.01 -.18) -.31| ~-.10| ~-.0B | «.01 | -.29| -.52]| ~-.09| ~.C7 02| -.26% ~.11 | -.08]| -.07 01| -e13 | ~.05
zé = 0.5 .08 |-0.09 |~0.22|-0.10 |-0.19|-0.25 |~0.24 {-0.27 }-0.25 |-0.21 |-0.30 |-0.25 |~0.21 |-0.21 |-0,.08 [-0.29 |-0.20 |-0.10|~D.09 02
1.0 -.05| ~.03] «,01| -.09| ~.12| -.13| -,16 | -,18] ~.18]| -, 21| -.£2| ~,22)| ~.20] -.18B}| -,08)] ~.28)] -.20 | =.10| -,10]| ~.02
1.5 -.01| -,01] . 02 -.04) ~.06| -.10( ~.20| -,08] -.14]| -.18] -.18] ~.19] -.16]| ~.09 ] -.25] -.19 | -.20] ~.10 | -.02
2.0 «<,01 |=0 01| " .08| .05| -.02| ~.05| -.08] -, 02| =, -.10| -.24| ~.17| -.13| -.09| -.20] -.18 | -.11] -.11 ] -.03
2.5 01 .01 L0l -.01 .06] 0 -02}-.01]«.01) ~.07) -.05| -.11) ~.15| -.08] -.09| ~.18| -,17 | ~.11] -.10 )] ~.O3
3.0 <,01| <.01 .01 01| -.01 01 <.01 .01 | -0k | -02) ~,07] ~.13] ~.03] -.08] -.21] -.16] -.10] -.10] -.05
5.5 <,01] <. .01 O] 0 01 Q1 .02 0L j<=.01 | O -,05| -.08{<-.01]| -.08 ] -.07| -.22]| -.09] -.08] -
4.0 [} <.01) <.01] -.01 06] <.01 01 .02 05 . 0lje-.01] ~.05 0l] -.07) -.02) -.09] -.08] -,08] ~-.
4.5 <-.01| O <,01| -.02 .02 <.01 .01 .01 .01 .01 01 .01} ~.0L1 02 .08 01| -.05| ~.06| -.06| ~,02
4 » - -

og
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TABLIR II. - Continued. PFRESSURE DISTRIBUTIONS FOR WULTLPLE-FLAT-FLATE AND CURVED-FLATE COANDA NOZEZLES
(2) Conoluded, Two-flat-plate confimuration; nozzle height, 1.1 inches; leéngth of firat plate, 2.0 inches
(5) 22 = 5.2 in.; p, = #8.03 in. Hg abmj 6; = 20°
Plate angle 8o, 10° 8,, 200 8,, 25° ap, 50°
By/Pg 1.62| 1,84| 2,14 71| 3.08| 1.48| 1.82| 2.12| 2,72 5.04] 1.50| 1.80| 2.15| 2,71 5.04| 1.50| 1,84 2,14| 2.70
Py, in. Hg gage [15.00|2¢.36|35.10|48.50] 59,50 14.30| 25.60[52.45 [48.70[29.00| 14.45|25.15| 52.60 [¢p, 55 59.00 14.55|24.30| 55.06] ¢9.25
Laoal Looal surface prsesgurs cosffioient, {p - pOVPJ
surface
distance, :
in.
1 = 0.25 |-0.57|~0,35|-0.47|-0.31|-0.22{-0,43|-0.50 [-0,53 |-0,30(-0.22| ~0.44 |~0.40|-0.52|~0.30|-0.28| ~0.43|-0.58|-0.52| -0,50
.40 ~.39| ~.54| -.37| -.2T| ~.18| -.43| -~ -.38[ -,28| -.19| -.44| -.40| -.39| -.28| -.1B| ~.ad| =.38| -,58] -,28
.75 -.38[ .84 -5 -.28] -,30| -.48| -,87| ~.51| -.27| -.21| -.42| -.38| -.30| -.28] -.20| ~.41| -.38] -.30| -.27
1.0 ~.58| -.51| -.28 -.30] -.25| -,38| -,34| -.27| -.80| ~.25| ~,58| -.54| -.27| -,%0| -.25| -.58| -.52| -.28] -.%0
1.26 ~30( =.28| 24| -.34] ~.27| .32 -.%0| «.2%| -.%4| -.87]| -.53| -.50| -.21| -,35| -.27| -,50| -.28] -.21| -.34
1.5 -.24| ~.24| -.16| -.21| -.30| ~.26| -.25| ~,14| -,38| -.3)| -.P6] -.24| -.15| -.26| -.30] -.25| -.e3| -.1¥ -.19
1.75 -.17| -.18] ~.09{ =,17] ~.20| -.20| -.20 -.10| -.24| -.22| -.2] -.20| ~.08] -.21| ~.28| -.18( ~.Xe| -.08| -.16
1= 0.8 -0.08 (~0.10(-0.02 [-0.12| ~0.16 -0.18(-0,18 |-0,£1 [-0.19 |~0,17| ~0.8¢ |-0.25|-0.28 |-0.18|-0,15|-0.28|-0.25]-0,14] -0.13
1.0 ~.05{ -.06| ~.08f ~.08| -,12| -,10| ~.15( =,1B| =.16| =.18] -.18]| -,17| -.18| ~.17| -.14| -.25| -.20| -.24| -.14
1.5 <-.03| -.01 -.01 ~-.02| -.08] -.08| -.08| ~.10| -, 10| -.12{ -,09| -.238| -.18 -.14| -.14| -28] ~.18] -.15| -.14
2.0 Q1 .01 <.01| .01 .on) -.0%f ~.04| -.05| ~.08| -.08| -.05| -.09( -.12( .10 -.13] -.14]| -.16] ~.15] -.14
2.5 L1 W03 W01y W04 03[ <.01) -.0%| -.01] -0k -u04] ~OL| ~e0B| =.08 | =a07| =.Al]| =.10| =.15] =.12] =.13
5.0 .01 .01 .o1| .08|<~-.01| .01 .01| .01| .01 -.01 -.02[ -.05| ~.04| ~.08] -,058] -,10{ -,21| -.12
3.5 .01 .o .01| -.01f .02{ .01y ,oi| .02| .oi| .od| .o1| <.01| -.0R| -.02| -.04| -.02| -.07] -.30| -.10
4.0 <. 01| .01 <.00| .on| . 01 .0a| .oz2| o1 .01 61| .od o -.01] o ~.04| -.08] -.08
4.8 <,01| o <.01| -.03| <.0a| .0.| .01| o .| .| .01 .01 <.01| .02| .01| ~.01| -.08| -.03
(4) 32 » 2,75 in.3 py = 28,680 in. Hg ebe
Plate angle 8y, 16°; 8p, 10° 8y, 16% a8, 20° ey, 2% 65, 10° e;, 2% 6y, 15° 61. 20°% 8, 20°
Py/Po 1.61| 1.85 2.14| 2,72 1.53| 1.83( 2.13| 2.75| 1,62| 1,80 2,12| 2,88| 3.02[ 1.B0] a.82[ 2.18] .71 5.05| 1,50| 1.B3] 2.13[ 2.58] 5.08
Py, in. Hg gage (14.80 |24.00(52.86 |49.60(15.86|24.05|52.56 |50.50 14,90 |23.08| 32,40 [48.46|58.35 [14.40 |25, 80 [52.50 [45.40(69.20] 14 .45 | 25. 55| 52 .10( ¢5. 75[ 58.70
Looal, Looal ourface pressure coefficient, (p - pO)/'PJ ’
surfaoe
distance,
an,
1 = 0.25 |-0.4Z[-0.587-0.461-0.22].0.45]-0, 3010, 16 1-0. 20 PO DS, 3 TN, 3.3 D - O I, 3 1
L .50 -.a5| -.56| -.30| -.18] -.40| ~.35| ~.55] ~.18 -4k -.40( -~.38] -.31] ~.21
.75 -.30| -.28| ~.25 | ~.20| -.32( ~.30| ~.2¢] -, 10 -#2| ~.37) -.31] -.32] -.22
1.0 ~ER| =.Pl| -,26| ~.25] -.22| -,20| -~.14| -.E3 w5 -.38| 27| ~usa| -.24
1.26 ~ole| =36 -,07| -3 -.24] .24 -.07] .28 -.5%| -.29| -.21| -.38| -.09
1,50 -.08| -.10( -.02} -.5%{ -.10( -,09)<-,00| -.36 -.25( -.24] -.14] -.25| -.08
1.75 -.07| -.08|<~.01] =,38] -.11| ~,09| <,00| ~-,35 -8 =20 ~.20] -.17] -.04
1} = 0.5 -0.08|-0,08 [-0,2) |-0.11|~0.29 |-0.25|-0.28 |-0.25 -0.19(-0.10[-0.21]-0.18]-0.05
1.0 -.02| -.05| <,01| -,08] ~,12| ..28| -.17| -.18 w11 -.15] ~.15] -,18| -,05
1.8 <-.0)1=-,011 .02] .0%| -.08] -.10| ~.10) -.10 -.06| -.08] ~.08] ~.12] ~,05
2,0 <.,01]| «.01| .,02| ,04f -.02| -.08| -.04| -.0% -.02] -.04] ~.08| ~.07| -.05
2.5 .01| <,01| .o1| -.01|<.,01] -,01] ~.01]| -.02 <-.0l] ~,01] -.001| ~,02| .04
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TABLE TI. - Continued. PRESSURE DISTRIBUTIONS FCR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA ROZZIES
(b) Three-flat-plate configuration; 1y, 2.75 inches; 1z, 4.88 inches
(1) h = 2.0 in,; 1, = 2.5 in,; p; = 28.96 in. Hg &bs
Plate angle 81, 10°; 85, 10°; 63, 15°|87, 109 85, 10Y; 6y, 20984, 1093 84, 159; @3, 20°|0y, 159; 65, 159 65, 207
Pn/Po 1.51| 1.81] 2.13] 2.70 1.51| 1.81| 2.12| 2.89 1.52| 1.80| 2.15) 2.72 1.50| 1.81] 2.11] 2.70
Py, in. Hg gage | 14.75|25.55(32.80|49.35 14,70 |23.40|52.55|49.10 | 15.05|25,50|%2.65(49.95 | 14.60|23.35|32.20|49,35
Looal Locel surface pressure coeffiolent, (p - py)/P j
gurface
distance,
in.
1= 0.25 ~0.481-0.83[-0.56]-0.13 | -0.49 [-0.64 [-0.36]-0.13 | -0.49[-0.84]-0.55|-0,11 | -0,58 [-0.78[-0.49]-0.25
.50 ~.38| -.45]| -.27] -.08 -.38] ~.42| -.27| ~.04 -.38]| -.39] ~.26] -.0% -.54| ~.64| -.42| -.17
.75 ~.29| .20 -.26| -.08 -.29| ~.18| -.26| -.04 -.29| -.18( -~.26] -.03 -.49| -.42| -.41| -.18
1.0 -.2| -.07| -.30| -.10 -.20| -.06| -.30| -.09 -.20| -.06| -.30] -.08 ~43] -.27| -44) -.19
1.25 ~.15{ -.03| -.36] -.17 -.14 | -.02] -.32]| -.17 ~14] -.02] ~.34] ~.1B -.36| -.20| ~.48] -.24
1.50 = 11l -0l 181 -,24 ~Jaol-,01t -,11 - 23 -1l .01l <10l - 23 -301 <15l ~.381 - 29
1.75 ~.10| -.01 -.04 | -.24 =09 ~,01] .O0L| -.22 -.10| -.01|] .01} -.23 -.24| -1 -.25( -.35
2.0 -.11) -, 02| .05| -.21 -.10] ~.03] .07| -.20 -.11| -.02] .08]| -.20 -.22| -,08| -.16] -.28
1 = 0.5 -0.241-0.52(-0.32|-0.31 | -0.24 |-0.50|~0.34 |-0.5) | -0.42|-0.65|~0.46 |-0.57 | -0,30 [-0.46]-0.35|-0.38
1.0 -.15| -.13| -.35] -.24 =15} =,12| =.37| -.23 -.30] -.30| ~.49] ~.36 -2} -.21| -.35] -.33
1.5 12| -.05| -.19| -.18 -.12| -,05( -.18] -.19 -a9| -.18| ~.33] -.2¢ -.17| -.135{ ~.15( ~.26
2.0 -.11| -.05] .03| -.22 -.11| -.05| .02| -.22 161 =.12| ~. 14| -.31 -.16] -,11| -.05| -.21
2.5 -.18] -.10] .OL| -.19 -1 -.10] «.01] ~.15 -.20| ~.i4] ~,07] -.29 Bl =34 =07 ~.38
1! = 0.45 -0.26 |~0.27[-0.42({-0.16 | ~0.34 |-0.30 |~0.51|-0,25 | -0.28|-0.27|-0,35|-0.20 | -0.29 [-0.25 [-0.25|-0.18
3 .95 -.16| ~.15] ~.25]| =12 | -.24| -.25| -.25| -.20 | -.21| -.20| -.19| -.18 | -.22| -.20| -.21| -~.15
1.45 -1 -.10] -.08] -.14 -.18| -.18{ -.17( -.18 ~~18] -.15] -, 24| -.15 -.16| -.26| ~.18| -~.15
1.95 -.07] ~.07| ~.04] =.11 -4 | ~.15] =13 -.12 -.13| =.12| ~,11] -.13 -.13| -.13| -.15( ~.11
2.45 -.05]| -.041 ~.02] -.04 -.11§ ~.12| ~.10| -.09 -.10| -.10] -.09]| -,10 -.10] -.31| -.12| -.09
2.95 -.03| -.03] -.01| -.01 -.07| -.10] -.07] -.07 -.08| -.08| -.08{ -.07 -.08} -.09| -.10( ~.06
5.45 -.02] -.01|~0 -.01 -.05| -.07| -.05]| ~.05 -.06| -.06] -.04| -.05 <05 ] -.07| -.07| ~.04
3.95 -.02| -.01| 0 -.03 ~.03 | -.04 | -.03| ~,03 =04 -.04| -.02| -.03 Q5| -.04| -.05| ~.02
4,45 -.01 |0 <,01| -.02 -.02)] -.02] -,01| -.01 -.02) -.02] -,01| -.01 ~-.02| -.03| -.03] ~.01
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TABLE II. - Continued.

(b) Continued.

33

PRESSURE DISTRIBUTIONS FCR MULTIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(2) h = 1.1 in.; 13 = 2.0 in.; pg = 28.25 in. Hg abs

Three-flat-plate configuration; !s, 2.75 inchea; iz, 4.88 Inches

Plate angle 81, 10%; 63, 10%; 81, 10% @5, 10°; 81, 10°%; 65, 10%; 61, 159%; 65, 20°; !
o3, 10° 0y, 20° 8y, 25° a5, 25° f
Px/po 2.08] 2.72| 2.96( 1.682] 2.09]| 2.66| 3.00} 1.83] 2.12] 2.589| 3.01| 1.81] 2.10| 2.68} 2.98 1)
P;: in. Hg gage|31.75]50.40]657.25 |24.05!32.00|48.55|58.45| 24.40[ 32.80[ 49.45[ 58.70|23.60| 52.25| 49.25[57.85
Local Local surface pressure coefficient, (p - po)'/'l’.1
surface )
distance,
in, - .
11 = 0.25 -0.36(-0.12(-0.06 }-0.53|~0.44 |-0.13|-0.04| -0.34] ~0.32[ -0.11] -0.03]-0.37]-0.46] -0.22]{-0.14
.50 -.29} -.08| ~-.02f -.19] -.27| ~-.08}~Q -.18f -.25| -.07 <.01| -.35] -. -.17| -.10
.75 -.171 -.12f -.06} ~.10| -.1¢| -.12} -.05| -.08( -.25| -.11| -~.04| -~-.29| -.21] -.20| ~.13
1.0 <-.01} -.18| -.12[ -.04 01 -.19( ~.11} -.02| <.01| -.17[ -.11| -.22} -.15] -.24| -.18
1.25 .06} -.25]| -.20[ -.01 .07] -.26| -.19|<-.01 .08] -.25| -.19| -.14&| -.07| -.30] ~.2%
1.5 06| -.31| -.26( -.01 06| -.29| -.25({~0 <07 -.51| -.24} -.10(-0 -.35| -.28
1.75 02| -.15] -.30| ~-.05 02 -.10( -.29] -.04 03| ~-.13] -.29| -.09 01| -.23| -.%52
13 =05 ~0.52|-0.09{-0.17{-0.11{-0.35(~-0.08]|-0.168}-0.1}|-0.35| -0.10| -0.18}-0.26{-0.31|-0.25 |-0.27
1.0 0lf -.09] -.10| -.01| <.01| -.14&| -.11| ~.01| -.0}| -.10| -.11| -.1l6| -.18] -.20]| -.21
1.5 .03 Ql} -.01}~0 04 02| -.01| <.01 .04 .01} -.01| -.1¢] -.10f -.11] -.15
2.0 .02 .10 .10 }~0 .02 .10 09 O 03] .10 08| -.07] -.05] -.04] -.11
2.5 -.02) -,01 05| -.05| -.02| -.02 06| -.05| -.02] -.01) -.06| -.09} -.06| -.05| -.07
i = 0.45 -0.25[~0.21 {-0.23 |-0.26|-0.24}-0.34|-0.27|-0.24}-0.21| -0,15] -0.13|-0.22|-0.21| -0.21 |-0.13
.95 <=0l -.21| -.18| -.19] -.18[ -.16| -.18| -.22] -.20] -.15} -.13| -.16[ -.16| -.15| -.11
1.45 -.01 .0l{ -.04| -.22] -,12[ -.12[ -.15] -.19[ -.19| -.15] -.13{ -.12| -.1% -.11] -.09
.95 ~.01 .05 .09 -.061 -.07| -.09( -.}0| -.25(--.17] -.15| -.13} ~.08] -.09] -.09| -.08
2.45 -.01 .01 .02| -.02} -.03| -.06| -.06[ -.10| -.14] -~.14]{ -.12} -.06| -.C8] -.068| -.08
2.95 o} 04§ -.01 |~0 <-.01| -.02{ -.03] -.05| -.10| -.12| -.11| -.03| ~.04[ -.04] -.05
5.45 <.01 .03 .06 .01 01| <.01l|<-.01| ~.0l| -.05] -.10| -.09| -.02]| -.02f -.03| -.03
3.95 0 05t -.02] <.01 .01 .0l .0l 01| -.01) -.07] -.07| -.01]<-.01| -.01| -.02
4.45 -0 <, 01 -.01i~0 .01 01 .0l .0l 01| -.03) -.04|~0 ~0 <01 f<-.01
Plate angle 81, 20%; 65, 10%; 81, 20%; 65, 10% 61, 20%; @85, 20°; 6, 2% 65, 20°;
6, 10° 6xs 20° €x, 10° 65, 207
Pn/po 1.80| 2.10| 2.67| 2.98| 1.83| 2.12| 2.70[ 3.00| 1.80| 2.12| 2.72| 3.04| L.80| 2.11| 2.69| 35.01
PJ, in. Hg gage| 23.4032.10(48.75 |57.95|24.40[32.75|49.85|58.65|25.35| 32.85] 50.40[59.75|25.55| 32.45 |[49.355| 58.85
Local Local surface pressure ccefflelent, (p - po)/PJ
surface
distance,
in
1;_ = 0.25 -0.33|-0.47-0.32 [-0.24[-0.355[-0.55|-0.51}-0.25]-0.40] -0.54]-0.50]-0.22[ 0. 41 -0.5¢ [-0.51] -0.23
.50 -.35} -.57] -.2¢8| -.20| -.36} -.39| -.27] -.20] -.41] -.40| -.26] -.19| -.41| -.59] -.27| -.18
.75 -.54| -.532| -.30| ~.25| -.35( ~.31| -.29] -.22| -.38] -.51)| -.27| -. 2| -.38] -.m1| -.28] -.21
1.0 -.532} -.28] -.52] -.25]| -.32] -.28| -.31f ~.24| -.54[ -.28]| -.30) -.25| -.54] -.27]| -.m1| -.2¢4
1.25 -.23| ~.22| ~.36| -.29| -.28| -.22| -.55| -.29[ -.50| -.2L| -.54| -.27] ~.29]| -.20| -.35| -.28
1.5 -.25| -.15| -.20 | -.52] -.24]| -.14| -.21| -.51}| -.25( -.1%| ~.38] -.51] -.2¢| -.12] -.38] -.5%
1.75 -.20| -.11} -.16| -.19| ~.19| -.10] -.17| -.18| -.20( -.10} -.27} -.25]| ~.20} -.09| -.25( -.27
lé = 0.5 -0.09{-0.08 }-0.12 |[-0.15{-0.10|~0.08 [-0.13| -0.16 [-0.20(|-0.2¢|-0.21 |-0.19]-0.21|-0.2¢ [-0.20]-0.20
1.0 -.04| -.05] -.07] ~-.11| -.05| ~-.03| -.07] -.11| -.14| -.15| -.15| -.18] -.12| -.15]| -.16| -.18
1.6 -.01] -.01| -.01| -.04| ~.02} -.01| -.01] -.04] -.08]| -.10| -.09] -.13} -.10] -.10] -.10] -.12
2.0 <-.01[<-.01]| <.01]| -.02]| -.02[ <.01 .01 .02| -.06} -.06] ~.04| -.08| -.07| -.06| -.05; -.,07
2.5 -.04]| -.04 [«-.01 01| -.07| -.04| -.02 .0i| -.06) -.05| -.05| -.0¢| -.10{ -.08] -.06] -.05
% = 0.45 -0.07}-0.10[-0.16 |-0.17{-0.22|-0.24 {-0.29|-0.18 |-0.07}-0.07|-0.06 |-0.02{-0.18]-0.18 |-0.15|-0.05
.95 -.03] -.03( -.11 | -.05]| -.12] -.15| -.14| -.10| -.04| -.04] =. -01| -.11] -.12| -.08] -.03
1.45 -.01] -.01 .02 .02 -.07) -.09] -.08] -.07| -.02] -.02] ~-.01f -.01| -.07| -.07| ~.08] -.02
1.95 -0 01 Ol -.03) -.05] -.04] -.04| -.01| -.02} -.0L]| O .| -.04| -.04| -.04] -.01
2.45 ~0 <.01 Ol| -.01] -.00[ -.05| ~.01| -.05| ~.01{<-,01f<=-.01] <.0Y| -.02| -.02| -.05]<~.01
2.95 o] -0 .01| -.01]| -.01 j«-.01| -,02| -.01|~0 -.01 |~0 -.01| -.01| -.02}«-.01
35.45 <.01l| <.01 .01 |-0 ~Q ~Q o] ~.01 |~0 ~Q ~Q <. 01} -.01]<-.01] -.01}|~0
3.95 Q [¢] Q -.01] @ Q ~0 <-.01[~0 1] <-.0L ~0 <-,01]<-.01) -.01}|~0
4.45 ~0 ~Q ~0 JLOLf O -0 [»] ~0 1) ~0 ~0 ~0 ~0 Q ~-.01]~0
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TABLE II. - Contlnued. PRESSURE DISTRIBUTIONS FOR MULATIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES
(o) Concluded. Three-flat-plate configuration; io, 2.75 inches; 1z, 4.88 inches
(3) h = 0.5 in.; 33 = 2.5 in.; pg = 29.25 in. Hg abe

Plate angle 91, 20‘3; 92, 25("; 91, 2293 62, 259; 91, 259_: 92, 259§ AR 250, 92, 320;
65, 25° 65, 30° 0, 33° 6z, 52°
/0. 1.80! 2.10! 2.721 3.03! 1.0 2.10!| 2.89! 1.80| 2.11| 2.70 3.03| 1.80| 2.12] 2.70! 3.02
Py/Po 1.80f 2.10) 2.72{ 3.03} 1.80} 2.10| 2.89| 1.80| 2.11} 2.70 3.03| 1.80 121 2.70) 3.02
PJ’ in. Hg gage|23.50|32.15|50.30[59.25(23.50|32.15|49.40 |23.55| 32.55(49,70 59.30|23.30| 32.70|4%.70(59.00
Lacal *  Local surface preasure coefficient, (p - po)/PJ
surface : ’
distance,
m‘
Zi = 0,25 ~0,31; -0.47|-0.27-0.19}-0.29 |-0.43|-0.31 |(-0.27| -0.27}-0,35 |-0.26,~0.26| -0.27(~0.35|-0.26
" .50 -.211 -.20( -.28| ~.21| ~.26| -.21| ~.32| -.25| -.24} -.34| ~.28| -.25| -.24| -.33| -.28
.75 -.12! -.07| -.15} ~-.30| -.21| -.16| -.16| =-.24} =-,22| -.,17]| -.21| -,23} -.22] -,17| -.20
1.0 -.03 02 -.15¢ -.15] ~.14| -.09| -.13]| -.20| -.18( -.,15]| -.16| -.20f -.18| -.15| -.16
1.25 .03 05| -.08¢ -.12| -.06| -.03| -.07| -.16] -.13| -.12| -.14| -,16] -.13| ~.12| -.14
1.50 .04 .04 03] -.05] <.01 02| -.01| ~.11] -.08| -.08[ =.10| -.11] -.08] -.08( -.10
1.75 .03 .03 .09 02| .03 .04 05| -.06] -.03|] -.03| -.05| -.06] -.03| -.03| -.05 |
2.0 .03 .04 .08 .10 .04 .05 061 -.01 01| <,01| .01} ~.02 01l{~0 01
lé = 0.5 ~0.24|-0.21|~0.18|-0.12|-0.22{-0.21|-0.18 [-0.15]| ~0.19|-0.,17 |-0.16|-0.22]| -0.22|-0.19]|-0.19
1.0 -.16| -.19| -.17| -.14| -.10| -.16| -.15| -.06] -.i0| -.13| -.10| -.12| -.17| ~.18| -.17
1.5 -.04| -.10{ -.13| ~.07| -.02| -.06] -.09] -.02| -.03| -.06| =-.03| =-.05] ~.1il1l| -.14| -.13
2.0 .02 01} ~.08| -.02 .01 .01 -.01| -.01| -.01| -.01|«~-.01| -.02| -.04| -,08]| -.09
2.5 ~.02|<~-.01} -.01] -.01| -.04| ~.02| -.01| ~-.05{ ~.04]| -.02| -.02| ~-.05] -.03|] -.04| .05
13 = 0.45 -0.12|-0.12(|-0,10|-0.12|-0.17 |-0.16|-0,14 |-0.17{~0.15|-0,14 |-0.12 -0.}5 -0.13 —Q.%l -0.11
.95 -.04) -,04| ~-.05| -.07| -,08] -.09| -,10| ~.12{ -.11i| ~-.11| -.11| -.08] -.07| ~.07| ~.08
1.45° -.01| -.01| -.02]| -.04| ~.03| ~.04| -.06| ~.07f -.07| ~.08| -.10]| -.05| -,04| -,04| -.05
1.95 <-,01| -.01} -.0)| ~,01| -0 -.01| -.03| -.03] -.04( -.05| -,08| -.02| -.02| ~.02( ~.03
2.45 |<-.01l<-.01| -.01] -.01{<~.01 [<-.01] -.02| -.02] -.02] -,03| -.05} -.01| ~.02| -.02| -.02| =
2.95 <=,01|<=.01}] -.01|<~,01|~0 <=, 01| ~0 -.01| -.01| -.02] ~.05| -,01| ~,01| -.01| -.01 Q
3.45 0 0 ~0 ~0 ~Q ~0 <-,01 |«-.01|<-.0)| -.01| -.02|«-.01l}<~-.01| -,01} -.01 ~
3.95 <~,01l|<~.01}|<=.01(~0 ~0 ~0 <-.01 |<~.01|<~.01|€~.01| -.01}<-.01|<-.0]1 |«-.01|<-.01 ;g
4.45 0 0 0 0 ~0 ~0 ~0 0 =0 ~0 ~0 ~0 ~0 ~0 -0 -~
(4]
3
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. TABLE II. - Continued.

CURVED-PLATE COANDA NOZZLES

PRESSURE DISTRIBUTIONS FCOR MULTIPLE-FLAT-PLATE ARD

(¢) Six-flat-plate configuration; nozzle height, 2.0 inches; 81, 62, . . . 8g,

12.50 each; 4y, I3, - » .+ g,

mercury absolute

2.0 inches each; pg, 29.43 inches of

PN/bo 1.44¢ 1.78| 2,12] 2.7% PN/bO 1.44; 1.78] 2.12| 2.71
PJ’ in, Hg gagell4.80|23.10|33.10{50.40 PJ’ in. Hg gage| 14.80( 23.10[33.10(50.40
Local Local surface Leeal Local surface
surface pressure surface pressure
distence, coefficient, distance, ccefficient,
. {(» - po)/P; in. (p - po)/By
1) = 0,03 -0.74 |-0.90|~-0.54 {-0.21 li = .03 -0.38|-0.381{-0.35|-0.21
1 "l1s -.70| -.71] -.42| -.15 .15 -.30| -.30| -.32| -.20
.28 -.631 -.62| -.361 -.10 .28 -.26| -.25{ -.30| -.19
.52 -.47| ~.47| -.28 -.04 .52 -.22] -.20| ~.26] -.18
.78 -.36| ~.29| -.29| ~.05 .78 -.20| -.18§ ~-.21} -.16
1.03 -.29| ~.15[ -.56| -.13 1.03 -.19{ ~-.18] -.16| -.16
1.53 -.26| .13 -.401 -.26 1.53 =21 -.18| ~.14| -.17
1.94 45| -.42| -.38| -.38 1.94 -.35| -.34| -.28] -.23
zé = 0.03 ~0.45 |-0.63[-0.451-0.45 id = 0.03 -0.38]-0.38|-0.37|-0.31
.15 -.34] -.87)] -.39| -.48 .18 -.28]| -.29| -.32]| -.30
.28 —.29 | -.57| -.33| -.46 . -.24| -.25| ~.28] -.26
.53 .24 | -.27| -.26] -.46 .52 -20| ~.18] -.22} -.20
.78 221 -.,17| -.26] -.45 .78 -.17]| -.17}{ -.18} -.16
1.03 22| «.15| .24 | ~.43 1.03 -.17] -.15} -.15} -.14
1.53 -24| -.19| -.16| -.32 1.53 -.18} -.17| -.15] -.14
1.94 -.38| -.37| -.19| -.31 1.94 -.28; -.29( -.27| -.23
lé = 0.03 ~0.42 [-0.49|-0.30 [-0.38 lé = 0.03 ~3.29 |-0.30 {-0.30 [-0.28
.15 33| ~-.36] -.30 | -.42 .15 -.21 -.22 ] -,22} -.21
.28 -.27| -.28| ~-.29| -.40 .28 -.17| ~.17| -.18] -.18
.52 -.24} ~,20| -.30| -.31 .52 -.13( -.12] -,12| -.13
.78 -.23 [ -.18| -.27| -.29 .78 -.10) ~.08]| -.09] =-,10
1.03 -e20 | -.17| -.21 | -.28 1.03 -.07{ ~.07}| -.07} -.07
1.53 -.23] -.20| -.13} ~.25 1.53 -.03| ~.03} -.04 | -.04
1.94 -.381 -.38} -.208¢{ -.22 1.94 -.01] ~-.02| -.01| -.01
(d) Nine-flat-plate configuration; nozzle height, 0.5 inch;
6, 83, . . . Bg, 10° eachy i3, tp, . . . Ig, 0.5 inch each; pg,
29.25 inches of mercury absolute
Plate angle 8;, o° 8y, 10° 8y, 20°
PN/po 1.79| 2.10| 2.71) 1.82| 2.10] 2.71| 3.00| 1.81| 2.11| 2.69| 3.02
EJ' in. Hg gage|23.10{32.20|49.85|24.00|32.10|50.00|58.55|25.85({32,45|49.40]59.15
Local Local surface pressure coefficlent, (p - po)/?J
surface
distance,
zi = 0.03 -0.10]-0.03| 0.10]-0.690(~0,32|~0.06{-0.01{-0.62[-0.49({-0.24(-0.15
.18 .04 <11 31 -.32( -.22] -.01 07| -.52| ~.46]| -.25| -.15
.28 .04 .03 A8 -.22( -.23| -.01 06| =-.45| -.45| ~,22| -.14
42 <.01]| ~.01 08| -.13] -.29] ~.10| -.03]| -.37| —-.49]| ~.26| -.18
.55 -.10| <01} -,05| -.14| -.33) =.20| =.13] =.31| -.41] -.33| -.2¢
% = 0,03 0.01]| 0.14|-0.38 (~0.39[-0.27 |-0.32 {-0.27|-0.26 {-0.2% {~0.31{-0.28
.18 01| ~-.164f -.37| -.31) -.35| -.19| ~.26] -.16} -.24| ~-.29| -.29
.28 -.08| -.15| -.38| -.09} -.34 | -.14| -.25( -.11} -.10[ -.25[ -.29
42 -.06]| -.02] -.23) -.09} -.14( -.11| -.24} -.12| -.06| -.01| ~.28
.55 -.17{ -.07| ~.19| -.18| -.06| -.07| =-.23| =. 20| ~.13| -.18} -.26
lé = 0,03 -0.39 (~0.23 |~0.18 {-0.37|-0.29 |~0.26 |~0,18 |-0.32 {~0.3]1 |-0.21 [|-0.14
.16 -.15( -.28( -.17| -.16| -.33[ -.18]| -.16| -.16| -.26 | -.16| ~.13
. -.08| -.22| -,19| ~-,10| ~.13| -.13| -.12] -,22| -.10| -.10]| -.12
42 -.08{ ~.04{ -.19{ ~, 11| -.05| ~.10[ -.09] -.13| -.08 ~.08| -.12
.55 -.19]| -.11| -.20} -.19} -.15| -.08| -.09| -.20} -.16| -.14} -.12
I% = 0.03 -0.22 }-0.27|-0.11 .23 |-0.28 }~0.21 |-0.18 [~0.22 [-0.27 |-0.22 [-0.18
.16 -.13| -.17| -.15| -.15| ~.17| -.24| -.17| -.15] -.16| ~.18 ]| -.18
.28 -.09| -,08( -,31}| -.11}| -.10| -.16] ~.14 | -.12 | -.12 | -.11| -.14
42 -.10} -,08} -.09{ -.11} -.10| -.08} -.10] =-.12| -.11| -.11} -.12
.85 =16 | «.15| =13¢ =17} ~.17 =20} -1 | =17} ~.18} =.15)| -.13
Ié = 0.03 -0.14 -0.19 {-0.18 |-0.15 |[-0.18 {~0.19 |-0.16 |-0.15 [-0.16 }-0.15 [-0.11
.16 -.08( ~,10} -,135| -.09} -.10( -.10| -.20| -.08{ -.09 | -.09| -.06
.28 -.05|{-,05| -.06| -.05| -.05| -.05] -.05| -.05| -.05 ] -.04 | ~,04
A2 -.04| -.04| -.03|-.04] -.04|-.03| -.03] .04 [ -.04 | -.05] -.02
55 -.04 | -.04| ~-.05| -, 04} ~.04| -,03| -.02| -.03| -.053] -.02] -.02




TABLE II. - Coneluded.

PRESSURE DISTRIBUTIONS FOR MULFIPLE-FLAT-PLATE AND CURVED-PLATE COANDA NOZZLES

(e) Curved-plate conflgurations; noxzle height, 0.5 inoh

Configuratlon A B c D E F
Dos in. Hg shbe 28.15 29,07 29.38 29.45 29.45 29.0%
PH/PO 1.49| 1.82] 2.08| 2.88| 1.49| 1.81] 2.11] 2.e89| 1.79| 2.09| 1.79| 2.09| 2.70) 2,99| 1.52| 1.82| 2.09| 2.71| 1.60| 1.80| 2,11| 2.4¢
P_JL in, Hg gage|14.30|23.85(31.80[46.30|14.30|25.45|52.30| 49.256|23,30(32.15| 23,30 (32.10|50.20 58,50 15.25|24.20(52.15|50.45| 14.70|25.35| 32.40 41.80
' Looel Local surfaca pressure coefficient, (p - po)/?d
urface
gd.ata.naa,
1,
in.
0,25 —0.571-0.85|-0,43|-0.19]-0.24{-0.25|-0.12| 0.06|-0.54|~0.51L|~0.48|-0.24|-0,0% | 0,02 |-0,36 |-0,49(-0.50[-0.08|-0.36|-0.49(-0.22 |-0.15
.31 -,48{ ~.61] ~.40| -.18] -.22| ~.1 =-,10 07| ~.48| -.27| -.53| ~.17| .04 08| -.268]| -.38| -.29|~0 .27} ~.38| -.50| =185
4d -.53] -.63] -.42| -.20| -.28| -.14| -.1% 06| -.481 ~.27] ~.23] -.18 203 Jd0] -.21) -.538) ~.22| -.05| -.16| -.17| -.18) ~-.04
56 ~.18| -.45| -.29| -.07| -.45| -.23| -.28} ~.05| -.41| -.27| -,08| ~.25} -.02 06| -.20| -.44| -.26| -.03} ~.08| -.08| -.20 09
.89 -, 14 -.25| ~.35| -.12| -.44| -.32| -.37] ~.18] ~.45| ~-.35| ~.05| ~.30| ~.05 02 ~.20] -.43| -.54| -.08] -.06| -.01] -.18] -.02
.54 -13| -.04]| - 48| -,24| -.54| ~.45| ~.47] -.32] -.31| -.50 -.IQ-i -.29| -.15| -.08 | -.21 | -.09| ~.46] -.20| -~.15| -.08( -.28| -.21
1.19 -4} -.03] -.17| -.53]| -.29| -.49| ~.45] -.38} -.2Z5, -.57] -.14]| -.03| -,27 -21 | ~-.16| -.08] -.25] -.29]| -.24| -.19| ~.26| ~.3B8
1.44 = 17| =.08{ -,10| -, 40| ~.28]| —,45| —-.39] —.43{ ~.22| ~.46 | -.13 02) ~.34 | -.BF | =18 =-.15] ~.16] -.358] -.87| -.25] -.04 | -.58
1,89 -.23] -.18| ~.05| -.45} -.28| -.20] -.44] -.48] -.36| -.31) -.16| -.06 | -.%8 |~.55 | -.18{ -.16] ~.06| -.40| ~.33| -.52] ~.15| ~.40
2.19 ~34] ~.34] -8 -.30| ~.27] ~,.23] -5 ~.45{ -.59) ~.18 -20| -.19| -.19 [=.35 | ~.18 ] -.20{| -.07]| -.3Q] -.32} -.3T74 =-.35| ~.51
A |ill . . i . . 3 ' . ' C | R o . . 8 i - R -
p.gel v ]| Jdwmpl o =gl - zy] -.a30F —.28 -zl ~o7) -] ~um)E -ume ) L) A7) <2 -29 -19 ) 28] -las) -l -osel -4 -as| -Ee
.19 _.58| -.30] ~.¢¢| -.33| -.28| -.27| -.23] -.31| -.54] -.%30§ -.18| -.22| - 24 | ~.51 | -.20]| -. 22| -.25] -.19] -.5B] -.37{ -.B6| -.32
3.69 -.33]| -.384%- -,28| -,21] ~-.25| -.21| ~.28| -.28| -.58( ~.36] -.16| -.07 | -.17 | ~-.27 | -.22] -,29| -.27| ~.09] ~-.30{ -.25} -.15} ~.G2
4,19 -85 -.32) -, 20| ~. 25| - 24| ~.25| ~.18) -.22] ~.25| -.264 -,16 | -.17 .01|-.08|~-.27]~.17| -.08] -,01]| -,31]| -.28] ~.25| ~.20
4.69 ~.29] -.28Y -.55| ~-.24| -~.22| -.20| -.22} -.18§ ~.28)| ~.23| -.25] ~.18] -.,07 | -.02 | -,27}-,16| -.17| ~.13] -.30{ -.27| -.35| -.E1
5.19 -.271 -.25| -.%0] -.23] -,23] -.21| -.29| -4} -.28) -.31 | =16 ~-.15 | -.19 | ~.%4 | ~.16) -.15] -.22] -. 24| ~.2D) -.27| -.32| -.34
5,69 -.28| -.27| -.21 | .14} -.24| -.22| -.22| -.18]| -.28| -.21 | -.14 | -.24 | -.25 | ~.14 | ~.28 | -.27| -.15| -.15| -.27| ~.24 | -,19| ~.50
6,19 24| -,23| -,26| ~.212] -.25| ~.22| -.24| -.51{ -.20| -.18]| -.15| ~.15| ~.23 | -.,17 | -.18 | -, 18] -.20| ~.1§5| -.24| -.22| -.20| -.23
7.19 -.16| -.15{ -.15( -.08] ~.20| ~.19| -.29{ -.10] -.25) -.21| -,26) ~.24| ~.08 { -.17 | -.18 | ~.156] -.15| -.21}| ~.13]| ~.12} -.11{ ~.11
£.19 -.11) -.10| ~.07 | -.04{ -.11] -.12} -.10| =-.03 -.14 | -.14 | -.27 | -.06 | ~.15 | ~.14]) -.14; -.08] -.10] -.10| -.07 -.04
9.19 -15 | -.15| ~.13 | =.10 | =.14 | =14} -.15| -.17| -,05|<-.00L| O [¢]
10.2 -2 (-.12]-.1¢ | -.16 | -.09 | -.10]| -.21 | -,12 i
11.2 -06|=-.08|~.05|~.04 |~.08]|~.0T| -.08| -.05
; )
. .
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RACA TN 4377

A8U(

Nozzle Eelght, Width, BExit ares,

in. in. sq in.
a 0.5 4.2 2.1
b 1.1 5.7 4.1
e 2.0 2.8 5.8 a

Noz.zle centerline__

39

Top view

No§51e centerline

Side view

| T < i i
0 1l 2
Inches

Figure 3. ~ Crose sections of nozzles.
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Flgure 4. - Typical lnstallation of multiple-flat-plate configuration.
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Flgure 5. - Setup for Coanda nozzles using curved-plate deflectors.
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inches; 13 = 2.0 inches.
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Figure 8. - Varistion of three-flat-plate Coanda nozzle performance character_is_tics

with total deflection-plate angle.

Nominel pressure ratio, 2.1.
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Figure 8. - Continued.

acteristics with total deflection-plate angle.

Variation of three-flat-plate Coanda performance char-
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(e) Local Jet-stream total-pressure profile.

Jet~stream height measured from nozzle centerline, in.
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